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ABSTRACT
An altered Bausch and Lomb metallograph, in
conjunction with a 150 watt high-pressure Xenon-arc
lamp, v/as used to imapre 50/^m uniformly illuminated round
spots on several vesicular emulsions and a silver emulsion
to determine image spread characteristics with increasing
exposure times. Vesicular films tested include Kalvar
Types 16, 143, 163, and 164, a sample of Xidex Blue and
a high resolution aerial film. It was found in all cases
that image spread was more profound in vesicular films
than in the silver film tested. It was also found that
ten minute and twenty minute periods of time between
exposure and development had varying effects on the final
image size usually causing the image to shrink with
increasing time interim. Many observations were made
including an adjacency effect, "latent imaces" under
the microscope, and what might be described as a three-
dimensional view of the vesicle distribution in the
Image.
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LIST OF NOMENCLATURE
Emulsion refers to the sensitized layer of the Kalvar
and Xidex films.
Latent image refers to the nredeveloped Image on the
Kalvar and Xidex films.
Silver emulsion refers to Kodak 70mm direct duplicate
aerial film Estar base Type S0239.
Focusing lamp refers to the built-in tungsten light
source used for normal illumination of the sample on the
illumination of the sample on the metallograph stage.
Interim time refers to the time between exposure and
development.
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INTRODUCTION
During an investigation of possible topics for the
Senior Research Project, a list of "possible Research
Topics in Vesicular Photography", as submitted by the
applied research section of Kalvar Corporation, located
in New Orleans, Louisiana, v/as found in the files of the
Rochester Institute of Technology Department of Research.
The list v/as dated October 6, 1970 and included several
questions and observations made by Kalvar, including the
following;
"Thermal diffusion Upon a short pulse, very
high intensity small spot exposure (1.5 mm or
less) an image significantly larger than the
exposed 'area' Is formed. It is thought that
this may Ire due to thermal diffusion. Is it?
If it is, what is the relationship between
image spread and exposure and/or diffusion
and spread? If the spread is not due to
thermal diffusion, what is it due to?"
Having several questions and a-- need for more details on
the above quote, a letter was drafted and sent to Kalvar
v/hich resulted in a telephone conversation with Joseph
Norcross of the applied research section on October 27, 1971.
It v/as found during this conversation that "image spread"
refers to an image v/hich is "fuzzy" and ill defined rather
than sharp and that "short-pulsed, hiprh-intensity exposure"
refers to a Krypton-ion or ar^on-ion laser radiation
2source and exposures powerful enough to blister and burn
the sensitized layer and deform the mylar base. It is
because of this blistering and burning that thermal
diffusion is suspected by Kalvar.
A literature search failed to reveal any information
on this phenomenon and there was also a lack of information
regarding turbidity characteristics and spread characteristics
in general. Only one article could be found, written by
Seifert and Elbrecht, which made any mention of image
spread and scattering and this v/as covered in one paragraph
with little detail.
It v/as initially proposed to replicate the Kalvar
experiment and to undertake an investigation into the
cause and nature of the observed spread but because of
the magnitude of the objective, lack of equipment, and the
time factor involved, it was soon determined that such an
undertaking v/as unfeasible. A decision was also mait.e to
replace the laser radiation source with a xenon-arc high-
pressure lamp since the proper laser v/as not available.
Originally, variation in temperature and pressure v/ere
P"oing to be used as factors in experimentation but work
p
done ty Anderson and Wagner, revealed that exposure to
pressures up to 5000 lb/in for two minutes on developed
Images had no significant effects on the image. It was
decided that a 1.5 mm spot v/as too large for the purpose
3
of the experiment and that a 50^m round spot with a
uniform illumination distribution would be more feasible.
Due to the difficulties involved In measuring the temper
ature of a 50x,m spot during exposure and other factors,
it v/as also decided, at the advice of the Research
Department, to delete the temperature portion of the
experiment.
It was finally proposed to test the hypothesis that
a relationship exists between exposure and ima~e spread
in different types of vesicular emulsions and to determine
the effects on image size at different levels of timed
Interims between exposure and development. A high
resolution silver system v/as also tested for the sake of
comparison. It v/as hoped that by using timed interims,
an Insight might be gained into the effects of the gaseous
diffusion characteristics on image size during the time
between exposure and processing.
Since Kalvar materials are used primarily in micro
filming, aerial photography and other high-resolution
applications, an understanding of the spread character
istics is necessary to obtain optimum performance. Also,
in the mass production of microfilm using vesicular
materials in conjunction with high-intensity, short-
duration exposures, hirh quality images with minimum
production times are usually primary goals. Kalvar
4Corporation has recently stated that it intends to
increase the reduction format of its microfilming
meaning that 3mage spread is now more of a problem than
3
before. In an article by Notley a direct reversal
obtained by high-intensity flash processing of a Kalvar
latent image is described. Under such conditions of
exposure and processing It might be suspected that image
spread is exaggerated.
It is hoped that the work contained herein will
shed some light on the mechanism of image spread in
vesicular films. Many questions arise such as : What
causes the spread? Is it scattering of the actinic
radiation within the sensitizing layer? Is it a gaseous
diffusion of the latent image before processing or during
exposure and/or processing? Is the spread present before
processing in the form of a latent image or does the heat
processing cause or contribute to the spread? These and
many other questions have remained unanswered during the
course of the literature search. It is also hoped the
many incidental observations made v/hich seem pertinent
to the included work will serve as inspiration and a
basis for others to work on in the future.
FOOTNOTES FOR INTRODUCTION
1 W. A. Seifert and W. F. Elbrecht, "The Kalvar
Process", Photographic Science and Engineering, Vol. 5,
No. 4, (July-August, 1961), pp. 235-238.
2 M. G. Anderson and V. L. Wagner, Jr., "Stability
of Vesicular Microfilm Images", Photographic Science and
Engineering. Vol. 8, No. 6, (November-December, 1964),
PP. 353-358.
3 Norman T. Notley, "Sensltometry and Densitometry
of Vesicular Films", Photographic Science and Engineering,
Vol. 11, No. 1, (January-February, 1967), pp. 2-6.
BASIS CF THE KALVAR SYSTEM
In conventional films, photographic
density is obtained primarily by absorption
of the incident radiation. This means that
the density measured is almost independent
of the geometry of the measuring system.
This is not the "case with Kalvar vesicular
films, in v/hich photographic density is
obtained primarily by scattering of the
incident radiation and only secondari'ly by
absorption. The term "scattering" Is used
here in a general sense to Include all of the
processes of light deviation v/hich occur
when Inhomogenelties of refractive index
are present in the medium in which light is
propagated.
Kalvar vesicular film consists of a
sensitized emulsion coated on a polyester
base. This emulsion can consist of anyone
of a number of compositions but more commonly
it consists of a diazonium salt dispersed
in a thermoplastic resin. Upon exposure to
ultra-violet light the diazonium salt Is
decomposed spontaneously to yield gaseous
nitrogen and other residual products. The
nitrogen gas thus released supersaturates
the thermoplastic matrix and creates internal
stresses. Upon thermal development the
thermoplastic is momentarily softened, the
nitrogen is allowed to flo'-r more freely
through the polymer to sites at v/hich it
nucleates and expands under the influence
of heat. It is this tendency of the gas to
expand v/hich causes reorientation of the
thermoplastic to form vesicles or bubbles In
the layer. The stability of these bubbles
once formed, . . . can be attributed to one
of two causes either of v/hich may be acting
alone or in concert with the other. The
first is the inherently high viscosity of
the thermoplastic at normal temperatures
and the second is that strong recrystallization
of the polymer tends to occur at the boundary
layer. 1
The image opacity, or density, in a
Kalvar film depends on the reflection and
refraction of the incident light Instead
of on the absorption of that light. T'Tien
an ima^e on a transparent base is viewed
in reflected light, the exposed areas,
which contain the light-scattering elements,
appear white and the unexposed areas appear
dark. On the other hand, v/hen this same
image is viewed by transmitted light, the
areas containing light-scattering elements
appear dark, while the clear areas appear
white. Thus Kalvar film is a reversal
material v/hen viewed with transmitted light,
although Kalvar paper, with the coating on
a black opaque base, is viewed only by
reflected light and is a direct positive
material.
Kalvar is a comparatively low-speed
material, with its primary sensitivity in
the near ultraviolet (Figure 1). Its
maximum photosensitivity, when defined as
the product of the extinction coefficient
and the quantum yield, is at 385 m . The
amount of radiation required to produce
maximum density at this wavelength is about
200 mw-sec/sq cm.
Kalvar materials are developed by the
application of heat. The method by v/hich
heat is applied is not critical. A common
method uses a belt-driven heated roller
over which the film is passed. For small
areas, where the problems of uniform contact
are more easily solved, a heated platen is
excellent. Infrared radiation also can be
used.
The characteristic curve of a Kalvar
film depends on the way in v/hich the image
is viewed. The characteristic curve for
diffuse densities has an average gamma of
0,35 and a density range of abc/ut 0.60
density units, indicating a low-contrast
material with a limited density range.
However, when the effective density is
measured in a projection system where the
film sample Is Illuminated by collimated
light and where the projection lens gathers
the transmitted light over a solid angle
corresponding to a relative aperture of f/^-.O,
the density range is extended to over 2.0
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density units and the gamma is greatly
Increased. Thus the ratio between projec
tion and diffuse density is quite high
for Kalvar light-scattering films. This
may be explained by the fact that a
substantial portion of light scattered
is scattered in a forward direction, and
falls outside of the acceptance angle of
the projection lens. Hence, the measured
density strongly depends on the solid angle
subtended by the light-gathering element.2
The above is a fair representation of articles on the
Kalvar process as found in recent literature. Since the
physical principles of image formation of vesicular
emulsions are entirely different than that of the silver
process, the validity of applying silver image evaluation
techniques to vesicular images are questionable.
5
Rabedeau has applied some principles of microdensitometry
to a Type 10 Kalvar film but Kalvar Corporation has
reservations as to how well the experimental results
apply to their product. In silver systems there are
many elaborate methods of determining the emulsion spread
function by using modulation transfer functions or edge
gradients as the basis of the calculations but the problem
arises immediately as to whether or not these methods
can be applied to vesicular emulsions with any degree of
confidence. The "customary" method as described by Mees
4
and James is to expose the emulsion to the image of a
bright narrow line or point, make a series of exposures,
and plot the width of the resulting photographic image
10
against the log of the exposure time. In this case, the
modifying effects of the optical system is neglected.
Hypothesis
It was hypothesized that a relationship existed
between image spread and exposure.
The data was handled in a statistical fashion using
I.C _
-
.05 and two replications at each condition. The
response variable in all cases .was image spot diameter as
measured in micrometers. The experiment was run at five
levels of exposure time and three levels of time interim.
The order of mathematical relationship of exposure time
and image size was tested.
Literature Review
Unfortunately, there is very little published
material on vesicular photography and the Kalvar process.
Most of the material is quite repetitious and deals only
with the basic mechanism of the process. Some work has
been done on image stability, microimage characteristics,
and scattering theory and most of this work was done by
Kalvar Corporation. The Kalvar system is plagued with
the problems of being a relatively new process and receiving
very little attention from researchers outside of the
tv/elve researchers at Kalvar. Appendix A contains the
major articles in abstract form.
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Methodology
In deciding to use 5C/<m circular spots as a basis
of measurement, two questions immediately came to mind.
First, what would be used as a radiation source and
second, what could be used to Image such a spot with a
minimum of distortions and problems?
Since the proper laser was not available, many other
sources were considered such as gaseous discharge tubes,
sun lamps, and high pressure arc-type lamps. It was
finally decided to try to use an Osram XBO 150w one
hundred, fifty watt high-pressure Xenon-arc lamp with a
quartz envelope and a Wild power supply available from the
Photographic Science Department. Such a lamp Was
spectrally desirable for the film being used and was
determined to have sufficient power for the purpose
in mind.
The next major problem was to find or construct a
device that could image the desired 50/^m snot. The
first thought was to alter the microcamera of the Photo
graphic Science Department but due to the method in
which it was constructed and the length of time for v/hich
it would be used, it v/as unfeasible to tie up the
Instrument for such a length of time. The next thought
was to construct a similar device with the required alter
ations but it was realized that a major portion of the
12
allotted time would be needed to construct and perfect
such a device. It v/as shortly after this that an old
Bausch and Lomb Metallograph v/as discovered in a storage
area v/hich fitted the needs very well.
Examination of the metallograph revealed a system
as shown in Figure 2 which is a schematic diagram of the
device in altered form. The viewing glass In the camera
section v/as replaced with a piece of metal.with a 10.5 mm
round hole drilled on the optical axis. After this hole
was lightly blacked with candle soot to reduce edge flare,
a
fine'
ground glass diffuser v/as placed over the hole.
The objective lens was a Bausch and Lomb 10 power
microscope objective with a numerical aperture of .25.
Since the lamp is a potentially dangerous element, a
housing, as well as a support bracket, had to be made
in the interest of safety.
Figure 3 is a photograph of the final aparatus as
used for the collection of data. The image size v/as
determined by placing a micrometer stage calibrated grid
on the sample stage, focusing carefully, and then
adjusting the camera bellows so that a distance of 50/^m
on the grid just filled the 10.5mm hole as seen on the
ground-glass diffuser. The change in s^ze is about
210X.
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Figure 3
Metallograph exposure aparatus and Kalvar Type
160 developer unit
Before use, the device is first focused. This is
done by placing a razor blade on the sample stage,
focusing the surface image carefully on the ground-glass
diffuser using the built-in tungsten lamp, and locking
the focus in place. The razor blade is replaced by a
sample of film over which a piece of black paper is
placed to reduce halation and held down flat by a piece
of metal and a clip on the stage. After exposure by the
Xenon-arc lamp, the razor blade is replaced and the focus
is re-checked since there has been a problem with the
15
stage drifting out of focus during use. This method makes
focusing accurate, easy, and fast. The point of focus
v/as varied to determine which gave the best results. It
was determined that focusing on the surface of the film
rather than above or belov/ it gave the least spread due
to an out-of-focus condition
All during the collection of the data, the focusing
was checked
.aftereach run and also the lamp alignment
was checked frequently. The shutter was timed manually
using a Gra-Lab darkroom timer with a sweep second hand.
For shorter time of exposure as used on the silver
emulsion, a Minolta camera body with a focal plane
shutter was used in place of the original shutter whose
timing mechanism v/as found to be very inaccurate and non-
repeatable. All samples were developed on the Kalvar
Developer unit Type 160, as seen In Figure 3, In front of
the metallograph. The unit is not adjustable for
temperature or development time.
For the purpose of measuring the size of the resulting
images, It was initially thought that the microdensitometer
might be used but this gave rise to several problems, such
as v/here to measure the image on a given trace. Also
there was the old question of microdensitometry as
applied to vesicular Images. It v/as decided best to use
a microscope and a filar eyepiece v/hich had been
16
calibrated using the same grid as mentioned above. When
measuring the spot images, a dark field type of
illumination v/as used rather than the normal direct type.
This was effected by illuminating the sample at an angle
of about 30 below the film plane with a microscope lamp.
The vesicular image lent Itself very well to this type
of illumination and made the spread phenomena more
distinct and easier to measure. The silver images v/ere
measured using normal Illumination. At first, it was
quite difficult to find a 50 /t m spot on the film sample
but after a little time and practice it became quite easy.
Results
The numerical data as collected can be found in
Table 1 in Appendix B. A graphical representation can
be found in Figure 4 through Figure 10. In many cases
of time interim, the waiting period between exposure and
development resulted in images that had deterioated to
such a point that they could no longer be measured.
Figure 11 is a photomicrograph of an exposure series taken
on Kodak 70 mm direct duplicate Estar base Type S0239
aerial film.
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Figure 11
Photomicrograph of exposure series on silver material
Figure 12 is another photomicrograph of images as seen
on the Kalvar Type 143.
25
Figure 12
Photomicrograph of exposure series on Kalvar Type 143
Regression analysis was run on some of the data and the
results are seen irf Table 2 of Appendix B. The results
in Table 2 are presented only for the purpose of comparison
of one film to another and do not necessarily represent
absolute values. The regression analysis was also performed
to check for order of fit of the curve for a given graph.
26
FOOTNOTES FOR CHAPTER II
1 Vernon L. Wagner, Jr. and I. H. DeBarbieris,
"Direct and Reversal Imaging in Vesicular Photography",
Reprography II ; "Proceedings of the Second International
Congress on Reprography, (October 31, 1967), p. ly-'7.
2 W. A. Seifert and W. F. Elbrecht, "The Kalvar
Process", Photographic Science and Engineering, Vol. 5,
No. 4, (July-August, 1961), pp. 235-237.
3 M. E. Rabedeau, "The Microimage Characteristics
of A Kalvar Film", Photographic Science and Engineering,
Vol. 9, No. 1, (January-February, 1965).
C. E. Kenneth Mees and T. H. . James, The Theory of
Photographic Process, (1971), p. 508.
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SUMMARY AND CONCLUSION
As can be seen from the graphical results, the
vesicular films behave in a predictable fashion as the
silver emulsion does. However, as exposure progresses
in a geometric fashion, it is seen that vesicular
materials give rise to more image spread than the silver
emulsion.
There seemed, to be little consistancy in. behavior
from one film type to the next. Figure 4 shows that
for Type 16 at high exposure times and between times
interim, there is little change in image size while at
low exposure times, there is a large change in image
size. This means that the lower the exposure, the faster
the Image will shrink. An inspection of Figure 5 shows
the opposite to be true between the zero minutes and
twenty minutes interim times. Figure 6 also shows less
image shrinkage at lower exposures. It seems that the
image growth at higher exposures is a result of vesicle
formation near the surface of the sensitized layers which
have a tendency to diffuse out faster than the center
area of the image v/hen allowed to sit before development.
It is noticed in Figure 12, the photomicrograph of the
Type 143 film, that there seems to be a dense core with
outer edges that are less dense.
28
It v/as generally noted that images had a tendency
to shrink when allowed to sit before development. This
indicates that very little lateral gaseous diffusion is
present and that diffusion out of the emulsion into the
atmosphere is predominant.
The Xidex Blue emulsion seemed to be affected the
most by the predevelopment waiting period. Its image
tended to shrink the most probably because.of the thinness
of the emulsion as compared to the other samples an^/or
because of the permeability characteristics being greater.
The image spread is more profound in vesicular
materials than in the silver material compared to it.
This spread in the vesicular materials is probably due
to a combination of several factors such as the
extinction coefficient of the sensitizing salts used,
the spectral characteristics of the inert dye used to
control contrast, the permeability and thickness of the
thermoplastic carrier and the turbidity of the sensitized
system. No determination v/as made on the effects of
variations of processing tire and temperature.
29
RECOMMENDATIONS AND OBSERVATIONS
In working with vesicular imaging materials, many
things were noted about it that were different from
silver imaging materials. Perhaps one of the most important
things is the ability to see the pre-develaped or
"latent"
image. Upon noticing this, it was decided to run spectral
analysis of samples of film for different exposure times.
A sample of unexposed Kalvar Type 143 film v/as put
in a Bausch and Lomb Spectronic 505 spectral analyzer and
a trace of wavelength versus transmission v/as made. After
the run, the sample was developed to test for exposure.
No visual density could be determined. Next, a sample
1^3 was given a uniform exposure of twenty seconds in a
model A-9 Atlantic Printer, made by Colite, Inc., and
run through the Spectronic 505. Sample of exposure times
of 40 seconds, 80 seconds, and 300 seconds are included
and the results are to be seen in Figure 13.
From the results it was thought that possibly, with
the proper filtration, a iricrodensitometer trace of the
latent image might be made. It was found with initial
experimentation that the illuminating microscope obliterated
the spots by fogging the area. From there, it was
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decided to try using the microscope and filar eyepiece
and experiment with various filters. Several filters
were tried including Wratten numbers 2E, 49, and 76.
With the number 76 filter, the latent images could be seen
quite well once they were found, but the contrast between
the exposed and unexposed portions of the emulsion were
not great enough to measure the latent image size.
Unfortunately, time did not allow further investigation
*
into this as work on developed Images had to be
completed.
It is recommended at this point. that, in the future,
persons having an interest in vesicular photography
might examine this phenomena further. If these latent
images could be clearly seen by using the proper filtration
and accurately measured, this data could be compared with
the results included in this experiment and a better
understanding of what goes on during development might be
realized. From this it might be determined if spread is
created during exposure or how much each process contributes
to this total spread. Another aspect of Kalvar films that
was noted during initial experimentation is that, like
silver, there seems to be an adjacency effect in developed
images.
A razor blade was placed over a sample of Type 143
film and exposed in the above mentioned exposure unit
32
for ten seconds and developed. The resulting image was
scanned in the microdensitometer and the results are to
be seen In Figure 14. This effect was also noted In a
sample that had,been exposed for five seconds also.
With exposures above fifteen seconds, the adjacency
effect tends to gradually disappear. Again, the time
factor did not allow further investigation. It might
be asked at this point if this adjacency effect is a real
density difference on the film or if it is some kind of
a boundary scattering effect which might cause the
microdensitometer to act as it did. If this adjacency
effect is the result of a density difference, what
causes it? What is the bubble size and distribution at
the edge? Perhaps this also could be a contributing element
in understanding image spread. Perhaps the spread is
not due to a real density difference but is the result
of an optical Illusion. It was noted that in measuring
images under the discribed darkfield illumination,
these measurements resulted in values that v/ere slightly
larger than the same spots measured with normal microscope
illumination. This difference amounts to about 2-3/cm
at a spot size of 55-60 /vn.
The final major observation, perhaps not as
important as the two above mentioned ones, is that in
experimenting with the "darkfield illumination", it v/as
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noted that as the angle between the film sample plane
and the direction of illumination was almost zero (the
lamp slightly above the microscope stage), the vesicular
images took on a near three-dimensional appearance.
Rather than looking like snots on the film surface, a
shading effect v/as noted v/hich made the spots look
spherical and raised. It is noted here that it was not
a relief image that was seen but seemed to be a view of
the bubble distribution of the image below the surface
of the sensitized layer. Perhaps this might be used to
study the adjacency effect once it is understood how it
relates to image distribution within the sensitized
layer.
It seems, at this point, that the work performed
in this experiment has raised more questions than it
answered. As mentioned earlier, vesicular photography
is quite new, relatively speaking, and not much is
understood about it. It is hoped that the contents of
this report has shed some light on the subject and has
created a subject and Interest for further investigation
in the future.
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APPENDIX A
Literature Review
W. A. .Siefert and W. F. Elbrecht, "The Kalvar Process",
Photographic Science and Engineering, Vol. 5, No. 4,
"(July-August , 1964).
"The Kalvar process, a low-s^eed heat-developed light-
scattering photographic system, id described.. The maximum
sensitivity is in the ultraviolet rep-ion, with a sensitivity
tail extending into the visible. The reciprocity law is
valid in the exposure time range 0.05-60 sec. Latent-
Image stability is discussed. The material can be fixed
after development, if desired. Imar-re density markedly
depends on the viewing conditions. The ratio of projection
to diffuse density is high, and a reversal of the image
from positive to negative can be observed in a transparency
by changing the angle of incidence of the illuminating
light. Applications of Kalvar materials are discussed."
M. E. Rabedeau, . "The Microimage Characteristics of
a Kalvar Film", Photographic Science and Engineering,
Vol. 9, No. 1, (January-February, 196 5 ) .
The microimage characteristics of Kalvar film, v/hich
differ from those of silver halide materials are given.
A 'viewing adjacency' effect has been observed, and
granularity has been found to be a nonmonotonic function
of density. The modulation transfer function of the film
has been found to be very nearly Independent of exposure
and viewing adjacency effects; consequently, image
quality can be specified by a unioue MT^. MTF data are
presented for the particular, Kalvar film
investigated."
R. T. Nieset, "The Basis of the Kalvar System of
Photography", Journal of Photographic Science, Vol. 10,
(1962).
"In the Kalvar process image formation is accomplished
by light scattering rather than by light absorption. A
compound v/hich will undergo photolysis to yield volatile
products is dispersed in a polymeric vehicle which can
be relaxed by heat. Upon exposure to light, internal
pressures are produced within the vehicle resulting in
37
a 'latent image' of internal stresses. Upon subsequent
exposure to heat, reorientation and an ordered recrystalli
zation of the polymer result from the force of these internal
pressures. The reoriented and recrystallized portions of
the polymer scatter light strongly to produce the developed
photographic image."
Caps Consultant Ltd., "The Kalvar Photosensitive
Emulsions", British Journal of Photography, (November 8,
1963).
Much of the material in this article is covered in "The
Kalvar Process" but more consideration is given to the
physical characteristics and the different Kalvar films
available.
R. T. Nieset, "The Kalvar System of Photography",
Litho printer, Vol. 7, (May, 1964).
A short article explaining composition and physical
characteristics of the film. Particular attention is
paid to exposure energy and energy required to process.
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Table 1
Exposure times (sec)
1/2 1/4 1/8 l/l 5 1/30 1/60
62 55 54 54 52 51
63 56 53 52 50 49
Table 1: Image size as measured in micrometers
on Kodak direct duplicate Aerial film Estar Base;
Type S0239. A 1.6 neutral density filter v/as
used to increase exposure times.
Table l (continued)
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Exposure Time (sec)
Interim
Time (min) P-^ 10 20 40 80 160 320
_ 50 57 63 69 80
0
47 49 . r' 63 70 83 -
, 47 52 58 70 85
Type 10 *
16 46 52
50
60 66 80
80
-
_ 61 70
20
49 60 69 82 -
4c 49 58 68 76
0
46 48 56 64 75
,
47 50 56 63 75
Tvoe 10
143 48 51 59 66 73
47 49 55 65 71
20
46 50 55 64 70 - -
47 56 67 78' 91
0
- - 46 58 66 80 88
44 cc 70 77 89
Type 10
163 46 54 6<: 79 84
51 64 75 83
20
- - 45 51 65 72 86
Table 1 ( continued )
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Exposure Time (sec)
Interim
Time (min) c 10 20 40 80 160 320
46 52 63 70 89
0
46 53 59 70 91 -
50 58 67 83
Type 10
164 "~ 51 59
67*
79 "
mm mm 47
56- 64 76 _
20
- 45 56 65 80
_ 46 56 69 75 89
0
- - 44 56 68 77 90
45 61 66 81
Xidex 10
- - - 48 64 72 84
49 60 71
20
- - - - 42 59 67
Table 1: Table 1 consist of the actual data found for the
different film types, at different exposures and interim
times. A blank space means the spot v/as unrecognizable
due to lack of density or the level of exposure was not run
for that film type. The values are in microns.
Table 2
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Film Type ^Equation of Curve f of total variai
tion due to cal
culated regression
relationships.
R*
Type 16 y = 42.0- 0.27x
+8.15x* 98.7^
Type 143 y r 40.9- 2.51x+10.9X198^
Type 163 jt -0.7 +36.Ox 99%
Type 164 y ' 57.9 - 32.5x +
21.2xz 98%
Xidex y -1.97* 36.30x 99%
Silver Js 49.9* 4.5x 82. 1J^
Table 2: Table 2 consist of the results of the regression
analysis for each film type at 0 min. interim time.
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Appendix C
Sample Calculations for
Regression Analysis of Type 143
y* b^+bpc,x, x, -
x'
\ Y
1 .7 .49 45
1 .7 .40 46
1 1.0 1.00 49
1 1.0 1.00 48
1 1.3 1.69 < 58
1 1.3 1.69 >. 56
1 S 1.6 2.56 i 68
1 1.6 2.56 ! 64
1 1.9 3.61 [76
1 1.9 3.61 \ 75
X
X.
iX_
_-.x,_
ix?
10
JLL3L
xx* ixy
XX,'
i^XY
12_ *j&
13"
j 18.7 1 585
18.7! 28.991*807
I 47.361 1217. 28|
10 [13l 18.7/585
_1^3J
1^37 LCB . 5_
1.8f4.6S"]
467 '
1 J_2.6J_2^83
.223 j 2.43
1 L10*90
j4 |
bv,= 10.9
bi+ 2.6(10.9) = 25.83
b,s -2.51
b.+ 1.3(-2.51) ? 1.87(10.9) =58.5
1^=40.9
y = 40.9 -
2.51x+10.9x*
SS due to b = 26.49
SS due to b, r 1201.1
SS due to b, = 3*222.5
Crude,
IY1
= 35467.0
R*
SSb, + SSb
&Y*
- SSbo
R*
- 1227.6 - .98 . 98^
1244.5
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